First-aid Treatment of Accidentally Ingested Poisons in Industry Unlike attempted suicide, accidental ingestion of chemicals at work is a rare occurrence. Examination of the accident statistics at three large industrial sites, a chemical works, an oil refinery, and a mixed oil and chemical complex, shows that during the past fifteen years there have been only 36 recorded cases of accidental ingestion of chemicals, none serious, from a total industrial population at the three plants of about 12 000 workers. These figures are, however, of very limited reliability since such cases do not usually appear in accident statistics. Many cases that do occur are of such insignificance as to pass unnotified. A very superficial examination has also been made of the poisoning incidents recorded by the Guy's Hospital National Poisons Centre, for 1976. Because of the difficulty of obtaining sufficient details it is impossible to separate with any certainty ingestion from inhalation accidents, home accidents from industrial accidents or, indeed, accidental ingestion from attempted suicide. Nevertheless, by applying a combination of guesswork and judgment it seems that no more than 10-15 accidental industrial ingestions were reported out of a total of some 23 473 poisonings for the whole year. Similar enquiries from the Manchester Area of the Factory Inspectorate were even less rewarding: they have no record of any accidental ingestion of chemicals.
If these figures are representative one might question the need to devote time to such a small problem. The infrequency of an accident is no excuse for lack of preparedness. Furthermore, the Health and Safety at Work Act (1974) requires that the supplier of a substance provide information on the potential health hazards likely to be associated with its use, and recommendations for the treatment of any accidental human contact with it. Because of this the first-aid recommendations given in the product information sheets assume added importance, as considerations of commercial responsibility and liability become involved.
One of the difficulties in the construction of safety data sheets is to be consistent and rational about the treatments recommended. Too often the writing of safety literature, incorporating first-aid advice, is left to nonmedical personnel whose knowledge is limited and whose activities are repetitive. To doctors the selection of appropriate treatments from a number of options may appear a relatively simple choice. For the layman in an emergency situation, however, the only source of guidance may be the recommendations contained in a safety data sheet; what he reads he must follow. It is therefore important that what is advised can be practised with confidence.
Before making any positive suggestions as to what procedures should or should not be recommended in safety literature, I would like to examine those first-aid measures which are commonly advocated as antidotes against ingested chemicals, and the dangers which are inherent in their use.
Everyone is familiar with the instruction to induce vomiting as a first-aid treatment for swallowed chemicals, which is so frequently and, for the writers, so reassuringly advocated in much of the literature issued by companies to describe their products. However, there are a number of factors which ought to be considered before perpetuating this time-honoured practice.
In the first place it is important to decide in what circumstances the induction of vomiting is desirable, bearing in mind the associated risk of aspira-tion of the stomach contents into the lungs. This complication may result in a far more serious injury than would follow a policy of noninterference. For example, most petrochemical products are relatively innocuous if they remain in the stomach but will cause a fulminating pneumonitis if they enter the lungs. As a general rule, therefore, induction of vomiting is contraindicated for accidental ingestion of petrochemicals. Moreover, it is as well to consider how much of the offending material is likely to have been swallowed before advising that vomiting should be induced. If the ingestion has been accidental it is reasonable to assume that only a mouthful will have been taken. At the most this represents no more than 10-1 5 ml. Usually such a small dose will be of little toxicological significance.
The methods to induce vomiting which are traditionally recommended for use by the firstaider are not without their own intrinsic hazards. Sticking a finger down the back of an adult patient's throat to induce a vomiting reflex is commonly unsuccessful and, if applied too vigorously, may result in damage to the patient's pharynx especially if the chemical is corrosive and has already attacked the mucosal lining. Drinking salt and water (2 tablespoons to half a pint) is enshrined in folk law as an emetic. Like finger sticking this procedure is also usually unsuccessful, and an intake of one or two pints of hypertonic saline is more likely to derange the patient's electrolyte balance than to achieve a successful outcome. This hazard is particularly strong in the case of children.
The voluntary aid societies have already recognized these problems and in the latest edition of the St Johns Ambulance Association and Brigade first-aid manual all advice to induce vomiting has been deliberately omitted. The American Environmental Protection Agency has also decided to exclude from their pesticide labelling sheets any directions to induce vomiting by the use of a salt and water emetic, on the grounds it is unreliable and dangerous. The American Manufacturing Chemists Association has also decided to do so.
If induced emesis is not to be encouraged, it becomes necessary to look at the other traditional first-aid measure of giving an antidote by mouth.
Water is commonly advised, on the assumption that a large fluid intake will dilute the action of the poison. Work by Picchioni (1974) indicates that in fact dilution of a poison in this way merely promotes emptying of the stomach and gastrointestinal absorption. On basic physiological principles I would expect this to be correct and, if it is, dilution with water should not be recommended. Evaporated milk has also been suggested and is incorporated as a recommendation in some of the safety data sheets that are in circulation. Picchioni (1974) reports that evaporated milk has been shown to delay absorption of a poison. However, if it is to be recommended it must be readily available for use in an emergency situation. It is probably not difficult to supply a tin of evaporated milk (about 100 ml) as part of a first-aid pack but it would need a means to open it rapidly if it is to be of any practical value and it is unlikely that a tin of milk so handily available would last intact for more than a day or two before finding its way into the nearest cup of tea.
To devise an effective all-purpose oral antidote it is necessary to think in terms of chemistry which can be employed either to inactivate or to neutralize the toxic effects of a substance once it has entered the stomach. In this context I use the term 'inactivate' to mean prevent absorption through the gastrointestinal barrier. In general terms swallowed chemicals will exert their effect in two ways:
(1) systemic poisoning following absorption (e.g. pesticides); or (2) physical damage to the lining of the alimentary tract (e.g. corrosives); or a combination of (1) and (2), as exemplified by phenol.
It is impossible to have a specific oral antidote for every chemical, though where one is available it should be provided. One must therefore look for a substance that has the ability to inactivate or neutralize chemicals in a nonselective manner. Such a one is activated charcoal, though any material which possesses similar adsorptive properties would perforti the same task (e.g. activated aluminium oxide). Recently there have been journal articles recommending the use of activated charcoal; and a number of safety data sheets have adopted the recommendation for activated charcoal as a first-aid measure, in the form of either powder or tablets.
There are, however, serious practical problems about acting on such advice. Activated charcoal BP is not easily available through the normal pharmaceutical suppliers; and commercial laboratory grades are unacceptable because of the impurities they contain; attempting to swallow powdered charcoal, unless it is specially prepared in advance as an aqueous slurry, is an almost impossible task; it is extremely difficult to make a slurry in water unless a wetting agent is first mixed with the charcoal powder; lastly, charcoal in any finely divided form is a messy preparation and possesses absolutely no 'consumer' appeal. Confusion is further compounded in that the British Pharmacopoeia lists the dose of activated charcoal as 4-8 g (USP 5-50 g). The BP dose is obviously too small to be effective. Hayden & Comstock (1975) advise one of 100-120 g. My own view is that the size of the dose must be determined by the amount of poison ingested. For an industrial accident where no more than 15 ml of chemical is likely to have been swallowed, I would suggest that 20 g is sufficient. As an alternative charcoal tablets have been suggested, but since the adsorptive powers of charcoal depend entirely on its surface area, compression into tablet form destroys the whole object of its use. The other property required of an all-purpose antidote, which charcoal lacks, is the ability to neutralize acids or alkalis.
There have in the past been attempts to prepare a universal antidote. Indeed, Martindale's Extra Pharmacopoeia lists a preparation under that very name containing charcoal, magnesium oxide and tannic acid, the last two constituents being intended to neutralize acids and alkalis respectively. However, Picchioni (1974) and Hayden & Comstock (1975) report that universal antidote is inferior to charcoal alone as an antidote, and advise that as a remedy it should be discouraged.
The present situation is that there is no generally acceptable all-purpose oral antidote against ingested poisons that does not have serious theoretical or practical limitations on its use. The nearest approach is activated charcoal BP, which has the approval of many authorities. But practical considerations make it difficult to recommend as a regular pre-packaged component of first-aid kits. My conviction is that further work is needed to devise a remedy that would avoid the practical disadvantages of charcoal but retain its virtues.
Perhaps activated aluminium oxide could form the basis for such an antidote. It combines both high adsorptive qualities with amphoteric properties that could be useful in neutralizing either acid or alkali. The addition of liquid paraffin to the preparation would also provide a medium which might dissolve some organic chemicals and in theory could reduce both gastric motility and gastric absorption. Such a brew would have more consumer appeal than charcoal, would combine adsorption and neutralization and, if prepackaged for addition to first-aid kits, would be less likely to end up in the afternoon cup of tea than evaporated milk. The need for developing such an antidote is reinforced by the requirements of the Health and Safety at Work Act, which requires the supplier to provide information on the potential health hazards of a market product with advice on appropriate first-aid treatment to protect against it.
Although the induction of vomiting by first aiders is an unreliable and sometimes hazardous procedure, there are a few chemicals which are so toxic and rapidly acting that death will follow if they are not evacuated from the stomach immediately. Two examples are sodium cyanide, which is a common industrial processing reagent, and some of the more active organophosphorus compounds, such as Phosdrin. For sodium cyanide the oral antidote is a mixture of the familiar solutions A and B which act by rapid intragastric conversion of the cyanide ion to a harmless inactive form. It is a great pity that the Health and Safety Executive no longer advise its use in their revised cyanide poisoning wall poster SHW 385, since it is harmless and needs no skilled medical expertise or judgment to administer. For Phosdrin, on the other hand, there is no known oral antidote, and emesis is the only effective immediate treatment. The problem is to decide when or when not to advise the induction of vomiting in the safety literature accompanying a company's products.
The following rule of thumb may help in making this decision. It is based on the assumption that, unless a suicide attempt has been made, no more than 20 ml of any chemical is likely to have been ingested.
Thus, if the rat oral LD50 dose of the active ingredient calculated for a 70 kg man, divided by a safety factor of 5, is contained in 20 cc or less of the product, the advice to induce vomiting as a firstaid measure may be included in all safety literature. These figures should be regarded as flexible; each author of a saftey data sheet may introduce his own safety factor. The intention is to suggest a formula which can help to quantify and so rationalize a decision on whether to instruct a first aider to induce vomiting or to avoid it. In extreme emergencies the hazards and recriminations of doing nothing can be greater than the lesser ones inherent in the traditional methods of inducing emesis. In the final analysis, however, the clinical judgement of the author must always take precedence over any simple rule of thumb and in no way should it be allowed to pre-empt a decision on whether gastric lavage should be prescribed once the casualty has reached hospital or a medical centre.
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Forensic Aspects of Swallowed Poisons
It is difficult to see what the forensic aspects of the emergency treatment of swallowed poisons could be, but there may be two areas in which such aspects exist. One is in the pathology of poisoning. There are few deaths from poisoning in hospital in
